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Abstract
Aim of the study: To evaluate the usefulness of ultrasonographic acromion-greater tu-
berosity distance measurement and Shoulder ratio in detecting post-stroke inferior sho-
ulder subluxation. Material and methods: Forty-five hemiplegic stroke patients and 45 
controls underwent shoulder sonography to measure their acromion-greater tuberosity 
distance. Side-to-side acromion-greater tuberosity distance differences and Shoulder 
ratios were derived from the acromion-greater tuberosity distance values. The long head 
of biceps tendon, subscapularis tendon, supraspinatus tendon, and the infraspinatus 
tendon were also evaluated to exclude full thickness tendon tears. Data were analyzed 
using the Statistical Package for Social Sciences version 20.0 for windows. Normality 
of data distribution was checked using the Kolmogorov–Smirnov test. Mann–Whitney 
U test and Chi-square tests were utilized. Results: Hemiplegic and control shoulders’ 
acromion-greater tuberosity distance values were 2.8 ± 0.6 cm and 2.4 ± 0.4 cm, re-
spectively (p = 0.001). Hemiplegic and control shoulder ratios were 1.3 ± 0.3 and 
1.1 ± 0.1, respectively; p < 0.001. Point biserial correlation showed that the presence 
of subluxation correlated moderately with higher shoulder ratios in all the hemiple-
gics (rpb = 0.520; p < 0.001). Conclusion: Our results suggest that acromion-greater 
tuberosity distance measurement is useful for detecting inferior shoulder subluxation. 
Shoulder ratio may be of complementary or supplemental value to acromion-greater 
tuberosity distance difference.
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Introduction
Hemiplegia is a devastating/debilitating complica-
tion of stroke. The hemiplegic limb usually progres-
ses through the stages of flaccidity, spasticity and 
synergy, but these stages may also occur simultane-
ously in the affected limb(1). Glenohumeral subluxa-
tion (GHS) most commonly occurs in the flaccid sta-
ge – a stage marked by areflexia, atonia, and the loss 
of volitional activity(1). 
GHS has been variably defined as “increased trans-
lation of the humeral head relative to the glenoid fos-
sa”(2) or as “each non-traumatic, partial or total chan-
ge of relationship between the scapula and the hume-
rus in all directions and in all planes, as compared 
with the non-affected shoulder, that appeared after 
stroke”(3) or as “a partial or incomplete dislocation 
that usually stems from changes in the mechanical 
integrity of the joint” (4). Inferior, superior, anterior, 
and posterior types of GHS have been described(3,4). 
When present, early and accurate detection/treat-
ment of GHS is crucial to the rehabilitation of the 
affected limb. Neglected GHS may become irreme-
diable in the long term. Furthermore, the presence of 
GHS often constitutes a stumbling block to rehabili-
tation because it impairs normal shoulder function, 
prolongs hospital stay, and has adverse psychologi-
cal effects(5). GHS has also been implicated as a con-
tributory factor to hemiplegic shoulder pain(3).
Finger-breadth palpation, anthropometry with cali-
per/tape measure, anthropometry with thermoplastic 
jig, and plain radiography (qualitative and quantita-
tive methods) are established methods of diagnosing 
GHS(3,6). However, these methods have significant 
limitations including suboptimal capacity for early 
detection and use of ionizing radiation(6,7).
The use of shoulder ultrasound (USS) for de-
tecting GHS in post-stroke hemiplegic shoul-
ders may be a way to overcome these limitations. 
Ultrasonographic measurement of acromion-greater 
tuberosity distance (AGTD) has been employed for 
assessing post-stroke inferior GHS as it is a fairly 
good reflection of the changes described in the first 
definition of subluxation above(6,8–12).
The purpose of this study is to evaluate the usefulness 
of AGTD and shoulder ratio for detecting subluxation 
in post-stroke hemiplegic shoulders.
Material and methods 
This was a prospective, case-control study approved 
by the Ethics and Research Committee of our insti-
tution. Conscious, first-time stroke patients with he-
miplegia were included in the study. Patients with 
previous or current shoulder trauma, cervical disk 
disease, glenohumeral osteoarthritis, inflammatory 
arthritis, adhesive capsulitis, and full-thickness ro-
tator cuff tears were excluded. Forty-five hemiplegic 
subjects and 45 age- and sex-matched controls were 
enrolled.
The unaffected/contralateral/ non-hemiplegic up-
per limbs of the stroke patients served as the prima-
ry control while age- and sex-matched, asymptoma-
tic, non-hemiplegic volunteers aged ≥40 years se-
rved as secondary controls. The secondary controls 
were without previous history of shoulder trauma. 
Informed consent was obtained from all the parti-
cipants.
Stroke was diagnosed based on clinical and neurora-
diological findings. Data regarding age, gender, he-
miplegic side, time from the onset of stroke (stroke 
duration), and stroke type (ischemic or hemorrhagic) 
were collected. 
The motor status of the shoulder girdle was assessed 
using the Medical Research Council (MRC) scale as 
follows(6): 
• Grade 5 – Normal power, moves against full resi-
stance; 
• Grade 4 – Reduced power but can move against gra-
vity and resistance; 
• Grade 3 – Active movement against gravity; 
• Grade 2 – Active movement with gravity eliminated; 
• Grade 1 – Flicker or trace of contraction/movement; 
• Grade 0 – No contraction/movement. 
Using the MRC scores, the hemiplegic shoulders were 
grouped into poor motor status (score = 0–2) and 
good motor status (score = 3–5). 
Shoulder sonography was performed prior to com-
mencement of physical rehabilitation; within 3 we-
eks of stroke with hemiplegia. Shoulder sonography 
for subluxation was performed by the first author 
(who was blinded to the subjects’ clinical status and 
has 3 years’ experience with shoulder sonography) 
with a 7–12 MHz transducer of MINDRAY® ultraso-
und machine DC-7 (Shenzhen Mindray Bio-medical 
Electronics, Nanshan, Shenzhen, China) using the 
protocol described by Kumar et al.(10) The shoulder 
subluxation distance was measured by determining 
the Acromion-Greater Tuberosity Distance (AGTD)
(6–11). The subject was seated with their hips and kne-
es flexed to 90° and feet resting flat on the ground. 
The shoulder was in neutral rotation, with the elbow 
at 90° of flexion and forearm in pronation. The fore-
arms were rested on a pillow (placed on the patien-
t’s lap), but the elbow itself remained unsupported 
to ensure that the shoulder girdle was not elevated 
(Fig 1)(10). Once in this position, the lateral border 
of the acromion was palpated, and the ultrasono-
graphic transducer head placed over the acromion 
along the vertical/longitudinal axis of the humerus to 
scan the shoulder. These two bony reference points 
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were then identified on the frozen image, and the 
AGTD measured from the lateral edge of the acro-
mion process of scapula to the nearest margin of the 
superior part of greater tuberosity of the humerus 
(Fig 2)(10). A dark linear acoustic shadow beneath the 
acromion helped to identify its lateral edge. The hy-
perechoic appearance of the supraspinatus tendon 
at its insertion site helped in identifying the greater 
tuberosity(10). Sonographic measurements were obta-
ined once. AGTD for shoulder subluxation was inter-
preted relative to the contralateral shoulder. The pre-
viously reported range of AGTD difference between 
normal shoulders is 0 – 0.36 cm(13). Therefore, AGTD 
difference between shoulders of >0.4 cm was taken 
to indicate presence of subluxation(13).
Shoulder subluxation ratio was also determined as 
the ratio of the AGTD measurement in the hemiple-
gic shoulder divided by that of the unaffected shoul-
der of the stroke patients(6). In the controls, the cor-
responding ratio was obtained by dividing the larger 
AGTD measurement by the smaller.
The long head of biceps tendon (LHBT), subscapu-
laris (SCT) tendon, supraspinatus (SST) tendon, and 
the infraspinatus tendon (IST) were also evaluated to 
exclude full thickness tendon tears.
Statistical Package for Social Sciences (SPSS Inc., 
Chicago, IL, USA) software, version 20.0 for win-
dows was used for analysis. Normality of data distri-
bution was checked using the Kolmogorov-Smirnov 
test. Scheffe post-hoc analysis was used to detect in-
tergroup differences. Point biserial correlation was 
used to assess the relationship between shoulder 
ratio and the presence of subluxation. The intrara-
ter reliability of ultrasonographic measurements of 
AGTD was assessed using intraclass correlation co-
efficients (ICC) with 95% confidence intervals. The 
standard error of measurement (SEM) was further 
used to define the 95% confidence limits of each me-
asurement. A p value <0.05 was considered statisti-
cally significant.
Results 
The mean age of the hemiplegics was 62.0 ± 11.3 
years while that of controls was 65.8 ± 11.3 years, 
p = 0.115. There were 24 male and 21 female hemi-
plegics and the same gender proportion in controls.
Thirty-nine (86.7%) hemiplegics had ischemic stroke 
while 6 (13.3%) had hemorrhagic stroke. Twenty – six 
(57.8%) hemiplegics had right shoulder hemiplegia 
while 19 (42.2%) had left shoulder hemiplegia. AGTD 
and Shoulder ratio showed normal distribution but 
side-to-side AGTD difference was not normally distri-
buted.
Fig. 1.  Patient and probe positioning for measuring the Acromion – 
Greater Tuberosity Distance (AGTD)
Fig. 2.  Corresponding sonographic image showing the Acromion – 
greater tuberosity distance (AGTD) measurement (between 
cursors)
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ulders of hemiplegics (2.3 ± 0.4 cm), the right shoul-
ders of controls
 (2.5 ± 0.5 cm) and the left shoulders of controls (2.4 
± 0.4 cm); p = 0.062; (Tab. 2). No statistically si-
gnificant difference was detected between the mean 
AGTD of hemiplegics with poor motor status (2.6 
± 0.7 cm) and those with good motor status (2.6 ± 
0.7 cm); p > 0.99. In addition, there were no stati-
stically significant differences in the mean AGTD of 
the hemiplegic shoulders across the different power 
grades on the MRC scale. There were no statistical-
ly significant differences between the mean AGTD 
of ischemic stroke (2.6 ± 0.7 cm) and hemorrhagic 
AGTD
The hemiplegic shoulders of the stroke patients had si-
gnificantly greater (p = 0.001) mean AGTD than all the 
shoulders of controls (Tab. 1 and 2). Similarly, the hemi-
plegic shoulder AGTD of 2.8 ± 0.6 cm was significan-
tly greater than the AGTD of the unaffected/contralate-
ral side 2.3 ± 0.4 cm in the stroke patients (p < 0.001). 
Furthermore, hemiplegics with shoulder subluxation had 
statistically greater AGTD of 3.0 ± 0.8 than hemiplegics 
without subluxation (2.3 ± 0.5 cm); p = 0.003; (Tab. 3).
There was no statistically significant difference in 
the mean AGTD of the unaffected/contralateral sho-
Variables Hemiplegics (n = 45)
Controls
 (n = 45) t P value
Hemiplegic vs. Controls AGTD (cm) 2.8 ± 0.6 2.4 ± 0.4 3.381 0.001
Hemiplegic vs. Controls AGTD Difference (cm) 0.6 ± 0.6 0.2 ± 0.2 4.333 <0.001
Hemiplegic vs. Controls Shoulder ratio 1.3 ± 0.3 1.1 ± 0.1 3.992 <0.001
Variables N AGTD (cm)[Mean (SD)] F df P value
Hemiplegic side 45 2.8 ± 0.6
9.368 3. 176 <0.001
Unaffected side 45 2.3 ± 0.4
Right Shoulders of Controls 45 2.5 ± 0.5
Left Shoulders of Controls 45 2.4 ± 0.4
Scheffe post-hoc analysis for intergroup differences
Group P value
Hemiplegic vs. Unaffected side <0.001
Hemiplegic vs. Right Control 0.031
Hemiplegic vs. Left control 0.004
Unaffected side vs. Right Controls 0.216
Unaffected side vs. Left Controls 0.561
Right Control vs. Left Controls 0.925
 Variables
Shoulder subluxation
t df P valuePresent
(n = 20)
Absent
(n = 25)
Hemiplegic AGTD (cm) 3.0 ± 0.8 2.3 ± 0.5 3.211 43 0.003
AGTD difference (cm) 1.1 ± 0.8 0.4 ± 0.2 6.486 43 0.000*
Shoulder ratio 1.4 ± 0.5 1.00 ± 0.0 3.991 43 0.000
* Mann-Whitney U test applied
Tab. 1.  Comparison of AGTD, AGTD difference, and Shoulder ratio of Hemiplegics and Controls
Tab. 2.  Comparison of the AGTDs of Hemiplegic shoulders, Contralateral/Unaffected shoulders, and the bilateral shoulders of Controls 
Tab. 3.  Comparison of AGTD, AGTD difference, and Shoulder ratio of hemiplegics and hemiplegics without subluxation
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stroke (2.3 ± 0.8 cm), p = 0.335; as well as dominant 
shoulder hemiplegia (2.6 ± 0.7 cm) versus non-domi-
nant shoulder hemiplegia (2.6 ± 0.8 cm), p = 0.934.
Side-to-Side AGTD Difference
The mean side-to-side AGTD difference in the hemi-
plegics was significantly greater (p < 0.001) than that 
of controls (Tab. 1). Hemiplegics with subluxation 
had statistically greater (p < 0.001) mean side-to-si-
de AGTD difference than those without subluxation 
(Tab. 3). No statistically significant difference was de-
tected between the mean side-to-side AGTD differen-
ce of hemiplegics with poor motor status (0.53 cm) 
and those with good motor status (0.50 cm); 
p = 0.891. Furthermore, one-way ANOVA for com-
paring means showed no significant differences in 
mean side-to-side AGTD difference values across the 
different power grades of the MRC scale.
Shoulder Ratio
The hemiplegic shoulders also had significantly gre-
ater (p < 0.001) shoulder ratio than the control sho-
ulders (Tab. 1). Furthermore, subluxed hemiplegic 
shoulders had significantly greater (p < 0.001) mean 
shoulder ratio than non-subluxed hemiplegic shoul-
ders (Tab. 3). Further statistical analysis of differen-
ces in shoulder ratios among various subgroups is 
shown in Tab. 4. The mean shoulder ratio was 1.3 ± 
0.5 in hemiplegics with poor motor status and 1.1 ± 
0.4 in those with good motor status; (p = 0.281).
One-way ANOVA did not detect any statistically signi-
ficant differences in the mean shoulder ratio across 
the different power grades of the MRC scale. Point 
biserial correlation showed that the presence of sub-
luxation correlated moderately with higher shoulder 
ratios in all the hemiplegics (rpb = 0.520; p < 0.001). 
The Intraclass Correlation Coefficients (ICC values) 
for intrarater reliability were 0.78, 0.80, and 0.86 for 
the affected shoulders, unaffected shoulders, and the 
shoulders of controls, respectively. The standard er-
ror of measurement (SEM) for AGTD measurements 
was < 0.2 cm for all the three categories of shoulders.
Discussion
Inferior shoulder subluxation, which is also unknown 
as “drooping shoulder”(14,15) is relatively common in 
post-stroke hemiplegic shoulders. Besides hemiple-
gia, other recognized causes of inferior subluxation 
include: fracture of the humeral surgical neck with 
axillary nerve damage, tumor (Pancoast tumor) infil-
tration of the brachial plexus, glenohumeral septic 
arthritis, shoulder replacement surgery, and hemar-
throsis (secondary to hemophilia or trauma)(14,15). 
None of these potentially confounding factors was 
present in our study population. 
Twenty (44.4%) of the hemiplegic shoulders were 
subluxed. This is higher than the 25.3% and 37% re-
ported by Pop (in Poland)(16) and Suethanapornkul 
et al.(17) (in Thailand), respectively, but lower than 
the 58% reported by Kumar et al.(7) (in the United 
Kingdom). However, it lies well within the often qu-
oted range of 17–81%(18). These differences are like-
ly due to the fact that inferior shoulder subluxation 
mainly affects acute hemiplegic shoulders(1), which 
suggests that research with a higher proportion of 
acute hemiplegic shoulders in its sample size is likely 
to record higher prevalence of subluxation and vice 
versa.
The arm position significantly affects the measured 
value of AGTD(18). A pillow-supported forearm posi-
tion of Kumar et al.(7,10) was adopted in this study over 
the gravity-dependent free-hanging position of Park 
et al.(6) (which reportedly could further worsen soft 
tissue injuries in the hemiplegic shoulders). Our re-
sults show hemiplegic side mean AGTD value of 2.8 
± 0.6 cm compared to 3.15 ± 0.69 cm reported by 
Park et al.(6) using the free hanging position. Kumar 
et al.(7,10) reported hemiplegic side mean AGTD values 
of 2.2 ± 0.6 cm(7) and 2.3 ± 0.6 cm10 in two separa-
te studies. Our results and those of Kumar et al.(7,10) 
are significantly lower than that of Park et al.(6) This 
significant disparity may lend credence to the obse-
rvation by Kumar et al.(10) that the forearm supported 
position may be preferable for detecting inferior sub-
luxation, especially in stroke patients.
Apart from arm position during measurement, AGTD 
is also reportedly reduced when there are prolifera-
tive changes within the greater tubercle or the acro-
mion process and in shoulders with full thickness 
rotator cuff tear (FTRCT)(13). However, no case of 
FTRCT was seen in our study population. 
The mean shoulder ratios in the hemiplegic subjects 
and controls were 1.3 ± 0.3 and 1.1 ± 0.1, respecti-
vely. Further analysis showed that hemiplegics with 
Tab. 4.  Differences in Shoulder ratios of Hemiplegics and Controls 
by gender
Variables Shoulder ratio[Mean (SD)] t df P value
Male Controls 1.1 ± 0.1 −0.642 43 0.524
Female Controls 1.1 ± 0.1
Male Hemiplegics 1.2 ± 0.2 2.422 46 0.019
Male Controls 1.1 ± 0.1
Female 
Hemiplegics 1.4 ± 0.4 3.401 40 0.002
Female Controls  1.1 ± 0.1    
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subluxation had shoulder ratio of 1.4 ± 0.5 while 
those without subluxation had mean shoulder ratio 
of 1.0 ± 0.0. These results are lower than the shoul-
der ratio in hemiplegics of 1.45 ± 0.28 reported by 
Park et al.(6) Since shoulder ratio is a derivative of 
AGTD, their higher shoulder ratio value could have 
been due to the fact that they used the free hanging 
arm position for AGTD measurement. Other resear-
chers that were reviewed did not explore the value of 
shoulder ratio in their studies.
The point biserial correlation is a standardized me-
asure of the strength of a relationship between two 
variables when one of the two variables is dichoto-
mous. A point biserial correlation (rpb) analysis be-
tween subluxation (dichotomous variable measured 
as present or absent) and shoulder ratio (metric con-
tinuous) showed a significant relationship between 
the two variables. 
Suethenapornkul et al.(17) reported that shoulder sub-
luxation was significantly associated with hemorrha-
gic type of stroke. Such an association was not obse-
rved in our study. The reason for this disparity is not 
immediately evident.
Ultrasonography is a relatively established tool 
for assessing post-stroke hemiplegic shoulders(19). 
Furthermore, it has important comparative advan-
tages in evaluating shoulder subluxation(6,7). These 
include possibility of serial measurement without 
exposure to ionizing radiation; the fact that it can be 
done at the bedside with a portable scanner, it can 
measure distances directly without the need to cor-
rect for radiographic magnification, it can diagnose 
concurrent soft tissue injuries; sensitivity to small 
changes, and the fact that it can be used to monitor 
interventions for GHS.
The limitations of this study include a relatively 
small sample size (though the number used was obta-
ined from calculation using the prevalence of stroke 
in our environment) and non-evaluation of anterior 
and posterior components of subluxation (though the 
inferior subluxation evaluated seems to be the com-
monest variant).
In conclusion, ultrasonographic AGTD measurement 
is a recommended tool for detecting inferior sho-
ulder subluxation in post-stroke hemiplegic shoul-
ders. Shoulder ratio may be a complementary tool to 
AGTD difference but this requires further evaluation 
and validation. Shoulder ultrasound would also be 
potentially of use in the follow-up of hemiplegic pa-
tients’ response to treatment/rehabilitation of the di-
slocated shoulder.
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